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(54) PURIFIED THERMOSTABLE DNA POLYMERASE OBTAINABLE FROM PYROCOCCUS SPECIES 
(57)Abstract 

PURPOSE: To obtain a new thermostable enzyme having high thermal stability and exhibiting a 3'-5' proof 
reading exonuclease activity. 

CONSTITUTION: This purified thermostable enzyme obtained from Pyrococcus species catalyzing the 
polymerization of DNA is a DNA polymerase having a mol.wt of about 92,000-97,000 dalton, a haHHife of about 8 
hrat100° C and a halfHife of 23 hr at 95° C. 
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[#U£] DNAffli^MtnPyrococcu 

2, 0 0 0-9 7, ooo^;n> y<Dfmtt<Dft=f-m 

t, 1 0 Ot^SKHMg 5tT2 3NfP B lO«I 
SKMtStfU flo. 3' - 5' 
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CW^JHl] DNAffll^MmPyrococ 

cusa#t&*en*tt8Kfttt**. 

im#m2] !®9 2, 0 0 0~9 7, 0 0O^*h> 
IW*9 3] 3' - 5' ttVZirUT— tfMtt^W 
[»#JS4] 3' - 5' x+V^^l^7— tfStt*^ 

im&ms] mmmmtfE. com neb#72 
o frznznzm&m i Gtte>iuiM£B>x. 

6 ] ioo *c-ei& 8 ttia<z>¥tt)i!i«4tr<5ai 

*m i ismow^tt^*, 

l GitoHflftttff 
**SftifcDNAB5ll. 

99—. 

m-%m i o ] mutm 9 tea©^* *-tj§j«£&£ 

i»E»«<EaM*««E. coli NE 
B#7 2 0 (ATCC No. 6 8 7 2 3) "Ca&S»* 

jb i o mm<Dmnfc&#: 

[i*S12] PyrococcusiDNA#U^ 

■rn*»fcE«o»Kte«a*«wa±*««b, pyro 

c o c c u siDNA#'J/7- i£&m>BL?2>Zh%& 
PyrococcusiDNA#U>7-^ffl 

SPyrococcu s ftDNAJj?U ;* 5— tf» 
[f*fll4] WfEDNA*«^ttDNAE5l*d«-r 
SI*3j»H 8 fESSCDDN AE5U. 

[§MfSl5] (a) Pyrococcusl*5l 
6n*WJ»ttDNA#U * S3— 
6^aEDNAE5U*^i«cS-& ; 

(b) IS (a) ODNAS%S^?^-l;iAL ; 

(c) IS (b) 0*iR^^^-Tf***«±*»ltli 
; 

(d) PyrococcuslDNA#'J^7-tf©% 
SJC»bfc*frTT?ie (c) ©J§m«&m±££H 
b ; lkZf 

(e) #U*5~ tf*@iR-ra, 

Ig£&-g-T5Py r o c o c c u saDNA#U;<7 

[%H0>milftK91] 

[0 0 0 1] 

[II±C|i]f»S?] #fg"E«g*Titf?ftf£©»5Sll;:W 
f^. £ *mm\Z¥ yrococcu 



[0 0 0 2] 

m&(D&ffi] DNA#»J*7— tftt, DNAitSt; 
MMCH-rrs-S©S*Tr*a. coli 
©«£ Sfc+i&ttlS^ri* 5©D NA* 'J ;* v—tf ©#SK 
fcHLTj£tt&W3fc*«&SnT#fc. Wittf, Bess 
man5, J. Biol. Chem. (1957) 23 
3 : 17 1-17 7MBu ttintKornber 
g J. Biol. Chem. (1966) 241:5 
419-5427 £#M£ftfcV>. 

[0 0 0 3] «IE. col l*»6WSft«DNA 
*>J^7-KO«tl/Ttt. «DNA#U>7-lf 
I . *IBDNA#U^5-tfIOK 1 enowlR, 

BI5RW:. mK-y^h^VXlz-yaXliSDNA 
oSMMk. cDNAfa— =>yt::&w-«flS=«cDN 
A-&fiE, ROTNAMS^ftfeffl^^DNAjr^O 
©ffl^SW-TS. M a n i a t i s <=>, Molec 
ular Cloning:A Laboratory 

Manual (1982) £#RB£ft;fcH. 

[0 0 0 4] 2£4p, *H#WS§4, 6 8 3, 1 9 5^. 
^4, 6 8 3, 2 0 2^RtXB4, 8 0 0, 1 5 9§ 

*. -«t#u^7— i?ai«s« (pcr) <hP?«n^> 

7— if. 2t507 p ^'f-7-S^i7U-^h* hU*X7 
[0 0 0 5] ±B3©H<t3d^(DDNA^'J^7— fefte. 

—7v-y ! <{>ifmm&wr?>3' - 5' x*y** 

-tfiStefcWT* (B r u t 1 a g, D. tKor 
nberg, A. , J. Biol. Chem. (197 
2) 247:241-248). 3' - 5' y>— 7 'J 
-^-O^X+y* 9 KISttSir-r*DNA#U 

A#U*5~Kfcit«L.fc»£, X9tM£«fr>tt£tt9 

jX*X7— (Chang, L. M. S. , J. 
Biol. Chem. (1977) 252:1873- 
1 8 8 0) . 

[0 0 0 6] MitfThermus Aquaticu 

s © «£ o tmw&mm& & © d n a # «j * 5 — 

&£W*«fcWbT'bW3fcjWfctoftT*fc. Chie 
n, A. J. Bacteriol. (1976) 1 
27: 1550 — 1557 te>T. aquaticus 
YT1JW»68 0 , C©M®iag£:fifT-5DNA#U;< 
7— tf©iiM§R££fiiS3£W7*LT^-5. Ch i e n 5© 

M^fett, 4g«»*tt*ft^r*. ^n6»©©pgttfi« 

ffi!fe©ia©» DEAE-Sephadex?D7h^7 
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7^- fc7>fc-k)Va—7.fn-? Vif =77 << — , RtfD 
N A-fe ^ P -X±T© £ d t H if y 7 4 — -5. 
Kaledin, Biokhymiyay (198 
0) 4 5 : 644~651feT. aquaticus 
YT 1 »iSHJI&a^©DNA#U * y— tf tf>Jggg.S.tf»§a 
£PSSLT^£. Ka 1 ed i nZOffimJjmt. 6© 

m-x&z&^-tz. ztizotzmt. attttj^©^. 

fiSgET^X^A&tJg. DEAE--k;i/P-X^D-7h 
ifyy^f-. t Hn+y7/^^ h_h-ecE>#IIK DEA 
E— te;l/P-X±T<D#iK Rtf-ffi^DNA-kJUP- 

x ±t o ip u v h $r 7 7 4 - %&<s~r Z> . 

[0 0 0 7] *H#ffFSg 4 , 8 8 9, 8 1 8 ^te. -fi 
M D N A -t )\> P —7, ±TO ^ P V h- ^ 7 7 4 — ©ft fc> 0 
fC^X^-feJPP— X?D7h^7-f- XS5riDX.TK 
a 1 ed i n©7J*££2l««fcHi;7j*feK£ DHS3£ft 
5)^)8 6, 0 0 0~IS9 0, 0 0 O^OH-XZtf^fSS: 
aquat i cus*^Oiafi!ttDNA 

-So MMfflaS0 2 5 8 0 1 7^tt, ±IB 

<DP C RffiK&ffl-f £ LTT a q 

[0 0 0 8] TaqDNA#U*7— if«5' - 3' * 

7j, 3' - 5' y;H7U-T^ >ifx.*VXirls7— 

¥mm&mrzu^zttfW3t\z3:r)?p:2nTc aawy 

er, F. C. J. Biol. Chem. (198 
9) 264:11, p. 642 7~6437;Bern 
ad, A. <E>, Cell (1989) 59:219). 
^•CD^*, Taq DN A# U ^ 7— If 
X^-fcig^t^f <. &3«»j5&/B^(D^-©«ffi£a 

&i7u—->if-rz>m&\z. ae^®^-rn^©ahf- 

nfe^DNA^m^TmOi^^tl^S^WL^ 
(C> Taq DNA#U^7-±?#U 0 O^T^CTF 
T. .tOJSV^^ttR^MS-rS 3 ' #>S5' 'VOX 

**j%9V7— M-Jfr-yv-Tj >ifft&*ms-*v 

NA#'J/7- tf£* ^l^ttlSl^tCi^StLT^S. 
;itf>cfc?fcflMi©l-r>-c*<&-5, JSJicOfimP (ther 
ma 1 vents) i5<©l 0 01Cia<<5fiSTtf 
t5SJ&IlT*ST h e r m o c o c c u s lit 
o r a 1 i s^e.CDDNA#U^7— tf*i«ifi¥l8$ 
ft. *»i!E. col i*-Ci7U-->ifi*tltz. 
[0 0 0 9] 



•5 3' - 5' 7'J— 5 s * >tfttVX9\s7—\£. 

^ofmn<r>x^\wm~. ±ie©DNA#u^7-if 

DNA/P U * 7-lf^M^^D N A&ffiK <fc 0 £g£ft 

tz^\zn.mmx$>^o. dtiic±o, ^u^^-ifo 

[0 0 10] 

*%W\Z£K). DNAOl^JMlfS, Pyroco 

ccusi (s p. ) fr*>mt>nzwm&&mi)m&i£ 
ns, 2 o i o^-h;Ko«^wp*^#^^nfcii 

&iBBMT£&Py r o c o c c u s Mfrt>'&6nz>ffim 

amm\z*ffi9 2, ooo~97, oooy^hxoa- 

[0011] Py rococcusl*5f^W9 
2, 0 0 0~9 7, 0 0 O^h>0BIS'ttDNA#U 

^^-if^n- h-r-5DNA*wgs^nfc^. cintt* 

[0012] PyrococcuslDNA#'J^7- 
Iftt, 3' -5' 7^-5^4 >if^^J^i^U7 

—Zm&*ft?Z>o *%^«t>T, Pyrococc 
u slDNA#iJ^7- 1f®3 ' - 5' 7";i/-7'J-f 
-O^flltttt, T. 1 i toral is*5f5n5D 
NA*iJ^5- tfC9 2. 5fgT&£d<h#WEL;fc. 
(Di^S. P y r o c o c c u siDNA#'J^7- If 
tt. Ta q#»J^7-ifO«k3^3 ' - 5' 
-5^^ >^X+V * ;7 1/7- JftltlSSf/tJ&lriiMfttt* 
U ^ 5— if J; 0 h\ZZ>fr\zM Vi]E«^ ^WT^ tc^ *tv^ 
^^{', Py rococcusfDNAiHU^7 
-1f«, Taq^'J^^-ifctDfe, 9 6^-10 31: 

[0 0 13] ^ L V^«HB«cP»lia:ie»IB 

*MiPyrococcus s p. GB-Dte>?. 

#6ft£DNA#u*7~ trr*4WSiMife»*icH-r 

5. Pyrococcus sp. H, Woods H 
ole Oceanographic Institu 

t e tommm* -^mum^mA 1 v i n^i^tHo 1 

ger JannaschiiM, 20 10^-h)l'O 

(Co r t e z) M<DB&MMnfr*>mmV 
fz. Pyrococcus sp. GB — DtfcOtfrft 

(mt&MW N E B # 7 3 2 ) ^^^X h^^JT 
T, 1 9 9 l¥l 0^ 1 BtCAme r i c an Typ 
e Culture Collection C5ft$ 
*U ATCC§f6S#^5 5 2 3 9^W#3ftfc. 

[0 0 14] C£5±^|Pyrococcus s p. 
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«, 6 5*0-1 0 3'C©^W®ffl^ : fir-rSffi*Tffl^tt 

©**ft»ttH*ft»MT* 

[0 0 15] Mm^^yA^m^m^Lt^fz^Z, Be 
lkin5, Arch. Microbiol. (198 
5) 142 : 181-186 (ZLWEUfWaiWStl/ 
T*WMW*\Z^tf>Z>hV)i:-rz>) tClESt £*!*:&}*© 

*<DMM&. 9 5TCT2Bra» 15mlffl*-/M 
£KHHJ«K 1 Omg/m 1 ©8S»&tfO. 0 1M -> 
*7M >^^TT-5±IB0B e 1 k i n <=>#f2St©l§ifc 

y r-JI/©*vg#£M£ffl^T> tim. fiPfcl Om 

lSsa^stiT, 9 0*0-9 5"c-c2 araJim$i± 
[ooi6] mmmm^ nm*mm.umm-tz>rz$) 

mz.ttm.mmA d omM©KPo 4 mm, 

pH7. 4 ; 1. OmMCDEDTA, 1. OmM©^— 

T, jS'W&Wr*. -tfif A f f i g e 1 b 

1 ue*7i (B i o r ad) ©±53te«K4:|S^-r* 

^>/^^Kic»-r*jss«fttt**T**5/»K:a-r. p 

yrococcus s p. ©iW^ig^fC^ffif 

&t^£c©^>/1^»##7A7l^s5ijIDU #5 
A^»©&fg©*©i& 7 . 0OpH©fiffiig»^T*7 

A*ft»i/Ttn5©«n*»it6. mm, mmm 

A\zmBl>fcO. 1-2. OMNaC 1 <D£.ol3.\MMt'%} 
ASrifeitU j^^A^CO. 1 — 1. OMNaClCD 

•tiftDStn^STMiStttiSiBS-a-a. tf — ^dna 

#'J^7-lflSttSa#fU HPLC^EZ-STJ^A 

#?L-£0. 05-1. OMNaC 1 ©<fc5&fif§S£jB2-e 

[0017] Pyrococcus s p. j^&ftSJl 
4DNA#'Jjl7- tfCjUKt©^*^ #T»9 
7, 4 0 0 iJfc*Sftfc#;*#U^— t?B©,£5&&» 
©^a©*>A*MfflS£itttL.fc»^ »9 2. 0 

oo~9 7, o o o^;ph>i:*-5. L^L&#e>, m 

K©£Ff??H4iifflMT&-2>Py r o c o c c u s s p. © 

©«©H#©»tt©fc»fc. JMtfc«a*#^«tt«fc* 

§t*i&$n^). £g#P£ftS^€fT&.5. #fg9§©ilif^ 
ttg^WIEfll&SH^iira:, Pyrococcus s 
p. DNA#U*7-if»gT©ri-FE3a|^S?8£L 
*S. *IWt«ffl»^»i» mx.tt?>rt 
9 f>— £JBV>-5 S D S — *P U 7 U )V7 5. 

YfMUmm (SDS-PAGE) JCiOSt^L^ 



[0 0 18] #<J*5-- HStttt. UiKttDNAs 
eIlXffii4ftDNA>t I '\0MSIIft*y}!^l/ 

* 7— if ffittttD n a z>m*®&wfr*<DMm 

m<Dm\ZitM-t-2> (Lehman, I. R. £>, J. B 
iol. Chem. (1 9 5 8) 2 3 3:1 6 3. Z\C0 

3) . 

[0 0 19] 1 0 0tTffl*%fflfflDNA#U^7-t? 
0*«ffltt»8Wpn. 9 5^(4*52 3f$P B lTi&3 < , D 

»*»fcWHT?. *«©7U3-h*«t)lBU DNA 

SH. dNTPs&t/BSA *^WT -6 KJfcffli^WifcK 

[0 0 2 0] *%B<z>BSIM£il*tt, £©»*«:3-K 

TSite^^P yrococcussp. y/ADNA 

S*Kl±0S4bT ! b«t^. £©«e^©SB#«DNA 
E59tt, 1 4:LTffi?a3l'l'Kia*SnTlr»*. 

Pyrococcus sp. DNA#U * 7— iftcH 
■T*^3-Ffi5lltt, *JBME. col i, NEB# 
7 2 0tOpUCl 9cf©^5Kb©B amHlMSIr 
fr*51l6n5. Cffl^ffifWJ, ^XhftftT 
T, 1991f lOHlBCAmerican Typ 
e Culture Collection f;ifri6£ 
ft, ATCCgffc#*tSS6 8 7 2 3 4f#ttt#£ftfc. 
[0 0 2 1] Pyrococcus sp. DNA/P'J 

fii^IfflPy rococcus sp. DNA*U> 
TfeJ:Hfe©Efl£©M£#£UT©al?y;*7---£, * 

3-Hf*DNASJi«i"ra. ^iie^tt, s& 

wfcffiBmwt®ft^mY3;j:o\zm&t:nTbf(!i&t<n 
&<Tt>j:ir». « : sL<«« : ji^? i f±+-e 

©»fMa^tf«»fc&H&£««£:3-KU 

Pyrococcus sp. jJ\'J t?^M8©ifcJ& 

xttfg^ii»«»c. »KK&£ft&ig£8*c £ 0 si§ 
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[0 0 2 2] ±fB©I@0&*tt#&»7j8;Tiif&L# 
5^, *^ii:SE^T. Pyrococcus s p. 

-T^fc*^. ^HM^1?0#U^7— fcf@#<7>gigi5iB?lJ 

[0 0 2 3]#S6iCJ:t). £fc 1 oatfrftE^J 

^Pyrococcus s p. DNA#U^7— if 
e^rttC#ffiT^>^ t*^lSnfe. *»Py r o 
coccus s p. #U*7— t?DNA&0^>/t£ 
HBB^J<t, Thermococcus litoral 

i sDNA#'J^7- 1fDNA2SSL^W1^KtSrtfcfe 
UT, Pyrococcus OrfttEEyiJrtt^sftfc p 
o 1 a^-yW$.l I Irtlc&D, 8B?iJ#*t 1 ©2 
^l^^F 1 8 3 9THl&-r ^diSrSS^Lrc. 

[0 0 2 4] -»P— ->^#j?— 

<o^Xtef^T£tgflt-f-5;ii:K:«fcDPy r o c o c 
cus s p. #D*7— tf©8*0gS©fM1Sf§Sl£ 

s&m^&s : (i) #^7- wmtemzw. 

ftXIiynt-i'-, (2) itfc^fSSiS-trfcO (o 
n) ihis6fef9 (off) ■tZ>tzmzmW&Z>-*'<V—5> 
(3) «|R$re5:#-r-5fc»© , J#V-A^-&g|5fe, 

Rtf (4) *jett***-r*fc»e>ote9XH:WR#jh» 

Pyrococcus sp. #U^7— ifcD^P 

-y^itLTtt A g t 1 1 (P r ome g a) , A 
DASH (Stratagene) » AZapI I (S 
t r a t a g e n e) jfiigVf <E>tl?>. ZfyXS. F<DMt 
bX(J, pUCl 9, pBR322x pBluescr 
ipt (Stratagene), pSP73 (Pro 
mega) , pGW7 (ATCCNo. 4 0 1 6 6) , 
pET3A (Rosenberg Gene, (19 
8 7) 56 : 1 2 5~135) , MpET 1 1 C (M 
ethods in Enzymology (199 
0) 1 8 5 : 6 0~89) tfi¥if$tl&. 
[0 0 2 5] »«<B»fttflSffe 

^mzmVCfttEtZ (Ma n i a t i s S, Mole 
cular Cloning:A Laborator 
y Manual (1 9 8 2) ) . ^XSHffgi 

L-Ttt* JM10 1 (ATCC No. 3 3 8 7 6) , 
XL1 (Stratagene) , RR1 (ATCC 
No. 3 1 34 3). RCXBL2 1 (DE3) plys 
S (Methods in Enzymology (1 



990), ±m) mm?t>nz>. *b§be. com 

XL1. ER1 5 7 8RtfER1458tt (Ralei 
ghS, N. A. Research (1988) 16: 
1 5 6 3~1 5 7 5) H A 77~ vffltd&ffl L#5t* 

y i o 8 9&a g 1 1 imwi&<ntztb\zm^n 
y i o 8 9 iztsifz-iBi&mmmzmn-rzm'S 

(ArasuS, ExperimentalParas 
itology (1987) 64 : 2 8 1~2 8 9) > 

yr- w-mxm&^-iz =k o x\mm&®± homm 

mmz^K), :g*#l£Ag t 1 lfflM77-yTi^ 

s-trs. js&y i o 8 9i^fls«. 0$ \s<\mm-x.m 

-&^>-f yfa.— tr— I P T GCSfiTT 3 7 "CTitJtt;* 

[0026] y/ADNAM^u — ai^ummm. 

Thermococcus 1 i toral i sfflDN 

^/W^'J^-fif— >3 >lCJ;3Py r o c o c c u 
sy/ADNA7'f7"7 l J-07"D-f>^ («£) \Z 
<fc 0, Pyrococcus sp. DNA#'J^5 — 

[0 0 2 7] Pyrococcus s p. DNAI1 
ManiatisS, Molecular Cloni 
ng : A Laboratory Manual (19 
8 2) (Z\<D&.mtomt, #MiLT*Bjafl#fplr#a6 

IlSflfcPyrococcus s p. DNAti. M 

<\t. B a mH I S5#tt, ManiatisS (± 

T» Pyrococcus sp. ir/ ADNA^SH 
§32*15. ffiWfWfBSIsit. m^-USa 1 I&tfXba I 

[0 0 2 8] *^BJ|rgEoTSi#:X«DNA7 p P-^' 
(YoungtDa v i s, PNAS (1 9 8 3) 8 
0:1194~1198;ManiatisS, ±i§) 

% Tztbwxmmm-nz s a t> . 77- « 

[0 0 2 9] y/A^-f^'J-H Pp--Xti^7 
-^/W^U^-fHf-: / 3 >S (Man i a t i s S, 
-til) Srffl^T, Xfifttt^-fSStt (Young 
iDavi s, ±JB) £flHATX?'J-^>;7*U#£. 
3 D--Xll7 , 7-?A'f7'iJ ^-f -t?— >3 >m\Z&^ 

xtt, yp-^tt, ^ft0g¥W7Jfe. enduing© 

G^fST. 1 i t o r a 1 i s^SO^'J^ 
7— Vmte?<DMfc&7°7'1 = >#X\Z-v>7 r-7>^ 
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U—isa >\Z£ OM^nii (Man i a t i s ± 

[0030] mw/f^-^m^m^xf j A^m?^ 

~7yV-*X>7V-->if-?Z>m'&\*, Pyrococ 

cus s p. mmnmflttw*-cm?rzfr&frw 

^JSTe&Sfcs"). A g t 1 lRtfA Zap I I Oct 

^^-^fi*X^U-z:>^irtt»*b^ <> A DAS H 
GDBamH ITOXttAgt 1 IfflEcoR I SPfi: 
tCPy rococcus s p. DNASi'o-r^ 
^-TSilt^ctD. Pyrococ cus s p. #»J 
A g t 1 1 \z&Vt*l—*-U99 Vis? 
—V}i<Dli&-%i? >/^fi LXXU^tl&ftCDfttE&Zf 

[0031] -s^^nst, Ra^-f r^^u-ttfit 

Pyrococcus sp. DNA^U ^ •iffitik 

mococcus litoralis) ©DNAjJn'J 
*7-: \f\ztt-rz>Vimz£K). YoungiDavi 
s, PNAS (1983) Uimz&MZtlX^Z>£5 

[0032] v^-rti^o^s^fflv^x, -gflxra^j-ie 

-?Sr3 — Ft**. -liiStlfcP y r o c o c c u s 
sp. DNA))?iJ^7- IfDNASr^JC, ^)x.«pB 
R 3 2 2 . pBluescript, M13 X\t p U C 

Sanger yft+v'MS (Sanger, 
F. , Nicklen, S. & Coulson, A. 
R. PNAS (1 9 7 7) 7 4 : 5 4 6 3~5 4 6 7) 
\Z&Q, DNABB?lJ£ft5£L#.5. 
[0 0 3 3] Pyrococcus sp. DNA^U 

-tf&J— FT ^DNARt/^-CD%^CDCi^ 
Pyrococcus s p. DNA4""'J :7— if "£""* 
- Hf SDNAffi^J^SftfctV^ ^iSr^T-Sfc: 

\m.mx.T> n a ic j; o -** - f s * stents© 

Xttit±®75/ -*»*E"fl*:*«"S©i- Wti'lt 
It *rf* XttiH^.DNA«IfflPyroc 
occus s p. DNA#'J*7— fc?tCi!fSW&#E# 

^#tfe.n§. WangS, FASEB Jo 

urnal (198 9) 3:1 4~2 1 \ZX.&B&Qt* 
# »J * 7— fe* a 7 r = U ->** 6 © D N A# U * 9— 
^jOS^ffl^Po 1 I«#U*9— "ftC^t-Si"-'©^ 

)v-zf<D$mwmt.m&\z&fk<Dm (species) 



A#'J*7~*£. ^DNA#U*7-•"ia!3•;*y■ 
:*:'»'i D N A # u y* 7 — tf I <z> 7 S y S?S2?iJ <h it ifc? z> 
ZtiZ^K). znzomm (i s l ands) Officii 
<Dmm\Z£Q, ai^ADNA*t^DNA7piJ^7— tf 

[0 0 3 4] ±ia®J;5(C» ^WtrSeoT, Pyro 
coccus s p. DNA#'J^7- tf^rn — Ft* -5 
DNAlipol atf-?!"!! I IrtlC-f>hD> 

x. ^mm<D^oftm^mmzis^xm^m^m±t^> 

sft*fc*b»S. DNAiB^JSr^^-a:, Lfc^oT-f 
>ha>&in v i t r o TX-/7-f ->>£*-r-**>fei6 

xy7-fxg**fex'-t^*-*n^M«jfi<©-3-F 
ffl«{c^^T#sao$ai*i^iigi*fir-£*iS^-r-5 ■it-r-a 

rWJJv-^Mbt. 2o<D$Jf®EtffM- 
Kffl^f^^liTS. 75/**i»iHIR*l*r"t, £*Jg--J* 

•j rf, -&-j**;i-#*->*s'&i's»r , t^ e 3 -m#m 

^(3-part ligation) t'ct D » 

[0 0 3 5] g'JCD2rj£tt, ±ffi(0^SCD^*4Tab'fD. -f 
>hD>rto, LA^ba-FE^J^jfi<fc#SSO* v ? 

>hn>£*5fcT*5-*i5. *&ft<D-i > hD>O^Jt 
WT-5H«-/9X5 F*-iffi(c*ifS-r-5. f l^M- 
7 7-5*1 RltrJ;^a-Smic=tD> -*«77-/?; 
pBluescript ^i??— ffi&z.fafrt> OLffc? 

U ffl»WlC-f >hD>ft^*bfc*77--^DNAK7 

ytmtfZ, Jzffimc J 2 3 6«4-T7cO-7r-^-£"S 
^T-5*lt{C<t"9. Kunke 1 O^"^^^** (M 
ethods in Enzymology, 154: 
3 6 7 (1 9 8 7) ) *m^X%±X%;-( >bU>®3£ 

[0 0 3 6] >bU>%X.£;2i£2>rctb\zm^'&2>2 
ZlZ&KDjjmt. DNAifflg£ffli/>-3. mttf. Man 

i at i s?>, Molecular Cloning: 
ALaboratory Manual (1989), 
Vol.2, 2nd edition ( Z.<DmWUft®\t 

&m£vx*wMm*\z^tt>2>%<Di:'?z>) zmmzn 
fc^. ?f£t>?>. ?n ■?-z3ii$.i,xmmis. %.^x 

[0 0 3 7] ±I2©:£&£/!"JV>T'f >bn>&±_n w_ 
mX&Z>. LfcibT. *5^#tt. *Stt»"}{SO0-fe-£^ 
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[0 0 3 8] — MStSStvMtf. Pyrococcus 
sp. DNA:j;>J^7- t?£n- K-r-5DNAE?iJ 

fi*1-5^7^5H, MA«pET3A, pBlues 
c r i p t XtepUC 19, Bacillus sub 
t i 1 i s \Z&$kT&-77Z.5i K. fllxJSpUB 1 1 

o. pTP5&tfpc 1 94, mmm\z^-t^>zfy7, 

SK, {»IA«pSH19MpSH15, A7r-vCD 
Z-oW^Zt- >)7t~77— Agrobac ter iu 
m tumefaciensOipMI, Uhn^'f 
;i/X<Z><fc'5&»j#j'M;i'X, MtftCB a c u 1 o v i r 

u s n&.ouw.&'O'DiT.ii^irz.mtyn.^m^z 
[0039] mn%m&Tj-yT-z?mWi<Drz!b(Dmi$&. 

•5. 03;*J£, Cohen, S. N. , PNAS (197 
2) 6 9:2110 (^<D|5iirt^«#fiSi LT#9Mn 

#;!/->->Aft«, *JBMTC!)fc&KJ8t>£. 1f«Bac i 
1 1 1 usco^Hte&te. Chang, S. Mo 1 
ecular andGeneral Genetic 
s (1979) 168:111 (COlE«rt^tt#Mt 

isT*y\mm*¥\z<§tbz>ib<D}iTz>) ajsmzu-Drm 

BnWVMnfemt. Parents, Yea 
st (1985) 1 : 8 3~ 1 3 8 (£<Z>f2«F>*&te:# 

mtvT*wmw*\z<£tbz>h<z)£-rz) (Dumzft? 

T*Kf*. &2>m<Dm®lfflm\t. Shaw, C. H. 
<b, Gene (1983) 23:315 (£©fBi&[ty§ 
\*»M£l'T*WfflWti'\Z^®Z>b<D2z-?2>) fCtDSB 
^c£*i;fc:frSfcfi£oT> Ag robacteri um 
t ume f a c i e n s TJB«eg|2*l3o m®}MM<D 

mnmmz. w?l\zv iroiogy (1973) 5 

2:4 5 6 (*:<Dmnfc®\t»m£VT*BmW¥lZ<£ 
tf>2>b<D£-?Z>) Ba 

c u o 1 v i r u s iz£zm&mmv>Mn&mz. mx 

^Biotechnology (1988) 6:47 

{^(Dum.^mtmm t vx^mmm'p \z<§#>z> tot 
f -5) tciB«©^)*tcseoT^ja-rs. 

[0040] ^ffl-r-s^ifflji&^DT, £©<k?&»i 
mzmLfzmm&mzm^T. mm^m^mm-r^, 
±m&z%m-rz>tcit>iz\t, 3o~4 2 < ctl 

[0 04 1] Pyrococcus s p. DNA#U 

So 

[0 0 4 2] Pyrococcus s p. DNA#U 



■5. &\z, mMffl&zmwtemffimmwzmmv. 
fc&w, u >/r-ARzf/ximf£Wimiz <t o 

■5. JfrMHBfttf/XftttilK J: 0, Pyrococc 

us s p. dna#u*^— trsr-^-rsfifflfflfea* 

[0 04 3] Pyrococcus s p. DNA#U 

*7—e&%m®m*\z. mt>mnxx\t^jvb-7,u 

lilt, ^m^TiiftKO^te. m 

[0 0 4 4] Jg^±»XttiSfflliSttai«5 + {C^$tl-5P 
yrococcus sp. DN Aip U ^ 5— If £>#8i 

fflt^S, 'f ^A^nv YV^va— ©<fc 

^7^-©J;5fc#g«l8!fntt£*W3T£:&&, ffiffl 
«a&#;7 D7 h ^9 7 4 -©=k 5 ft»*tt©M£fiJffl 

tzjsm. mtf\zmn&m% : fam<D£.^f3.^m&<Dm.* 

[0045] m&z.ftmmz&mx.zfimM-tz>rcsb<D 1 

mi&znz v?r. muss, ^mLx^^m^\z\mm 
lt. Kmummm* «*«»«ttA doomM n 

aCl, 2 5mM Tris, pH7. 5, 0. ImM 
EDTA, 10X^UtD-;K 0. 0 5%Trit 

on x- 1 o o) wzrnmv. mmvT, m&»mr 
z>. fr\zmwf3.uttsm$>)&®3 oftffl* 7 5x:\ztamT 

*. mmt%ifrrz>?>rttr»\zmsT&m*i&&G-r 

l.*7A, «x.«Af f i ge 1 Blue*7A (B 
iorad) KiTT. fi 7A$iOtMO*il 7 . 0© 
p H ©®i£jjlffi£ffl V>T77 5 A £ifcirr -5 d £ J: 0 , 

A£i!ljIDU ^nfrj;0^*$tx-5o ifcif^ SNS££ 
0. 1M~1. 5M©NaC 1 H«i£A©«J;?ftg§M*£j 
ETDNA#U*7--tff£tt£jg8rf-5,> 

f£B (lOOmM NaCK 1 5mM KPO4 , 

0. ImM EDTA. 1 0 -fco— ;k 0 . 0 5 
^Triton X- 1 0 0, pH6. 8) \zmMVfz 

1. 0~1. 0M NaC 1 ©f&tt£jETi§frr-5. H 
#£S*U BSA*#B^»C^lni-r§. DNAj^U^ 

ococcus sp. DNA#'J jj< ±E<0 
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[0 0 4 6] Pvrococcus s p. DNA/P'J 

mWz&ft-TZ :0. 0 5 M NaC 1, 0. 01M 
KPO4 (pH7. 4) , 0. ImM EDTARt/5 

yrococcus s p. DNA^U / 7— -tfli, £ 

ffl<^#£. 09;U;f> cDNA^D-->ytC*3ltS^zi 
i c D N A^t^D N A^4t 6fea8^.D N AS 
flftCfflV>#-2> (Maniatisg, IM^MOZ. 
<h) . 

[0 04 7] *^S0Py rococcus s p. D 
NA#W7- fcftt, 3' - 5' X*V^?l/7- VIM 

juiDNAGf$.\zmmz>. 

[0 0 4 8] Mz.t£. it£#lHJ^#l>Py r o c o c c u 
s s p. DNA#'J ^7—- If 14. Pyrococcu 
s s p. DNA#V*7-^&te?&mft&\zmm& 
Siifgu U*7-^?§tt<7J$££#*rf{;:x* 

>>ftz>z\£.\z£.*). ^itsib^. ae^w 

l:iffilfcPy rococcus s p. DNA#U ^ 
5— if«, jfJKItKunke 1 , T. A. , PNA 
S (198 5) 82:48 8~4 9 2 (fOEtrtlfli 

[0 0 4 9] £ £ fc> Pyrococcus 
sp. DNA#U/7- tftt, H*.tf*Slttl l f£4. 6 
8 3, 1 9 5^ S4, 6 8 3, 2 0 2^Rt/^4, 8 
0 0, 1 5 9mzffl7p2tlTc^mz£K). DNASrifiH 

[0 0 5 0] 

m<ommmm&mm-?z>fzsb\zi3-z.z>tiz>. ^nson 
[0051] mmmi 

Pyrococcu s ftfo g>g>Mtil?H$DN AtFU ^ 7— 

Pyrococcus s p. GB-Dtt {ACTT 
No. 5 5 2 3 9) £. 9 4 < CT2BP.g, 8#©l>Jy 
h;M£+© 10g/l <9ffi&3t7tift£-^rr£K B e 1 k 

ine (±«) \z&vmm-i<nfzmi&*-cmm-2ittzo 

^StctOS^bT. -7 0*CT##bfc. ifflJi§©iR$ 
tel. 4g/lT&o£. 
[0 0 5 2] iEOipKbTHSnfcl 1. SgOjffl 



0. IMONaC 1 2 8m 1 

A (1 OmM KPO4 PH7. 4 ; 0. lm 

MEDTA, 0. ImM ^-^M/hl^;- 

jcssbx, 4tT5m e^feMSbfc. mm 

ft*1 5, 0 0 0 gT4TCT3 O^P^'L^ilbfe. ± 
ttigfl££ 1 8m 1 ©A f f i g e 1 blue*7A 
(B i o r adMcjlbfc. #7A£, 0. 1M 

N a C 1 £^TT5 5 0ml ©g^ATfifeitbfc. 
i37^J, a«?SAIC^Lfe3 0 0m 1 (DO. 1 ~ 
2. 0M NaC 1 Oit5)fiTiiLfc. DNA#'J 
ftl. 3M NaClTf-H-ftLT 
$SIU ®fflbfcf£tt<Z>9 0%£^bfc„ DNAtf'J;* 
7— t? (2 5m 1 ) ©tf-^gttS:, 1 0 OmMON a 

c 1 £-^*r-f 5 1 u ? h;v©$*igAi;:*tbTi§#r u 

*t£. 1 0 0 mMWN a C 1 S^Wf £^«*£AT¥SB 
itLfz 15ml O^X^-feJl/D— XA7AI:iIlfe. 
7J 7A^. 1 0 OmMCDNaC 1 ^W-r^MffJSA 
50mlT-ifei£U glW&AK^bfc 0 . 1~1. 0 
MON a C 1 ©8M££jffi 2 0 0ml^ffl V>Tg^i?£tt£ 
*§&tbfc. fSttttO. 6M NaC 1 ©&»T¥-kf- 
i/tLT^L, jIfflLfc?£tt<Z>7 0%£*bfc. 7— 
;l/bfc?£tt (4 2ml) £5 0 0m 1 ©jgff ?g A K*f b 
TStffU 2 5m 1 ©DEAETJ^AKitBbfc. 737 
AS, 0. 1M N a C 1 &$4r?&fMHfcA 5 0m 
lTifc#U g^?Stt©2/3;$t;*;7A£S31Dbfc<, 
fiH£B#£:A-;l'b (30ml) , 1. 0ml ©HPL 
C^y-STJ^A (Pharmacia) lC«BbT, 
0. 0 5~1. 0M NaC 1 OgafJfcAtpO&tK&Jffi 
1 0 0m 1 TigSlbfc,. ffittteO. 2 2M NaC IT 
*-tf-^tbT^ilb, jgfflb£fiH4©8 0%£^b 

[0 0 5 3] JtSlPy rococcus sp. J^U;* 
7~t?£. MIBO.fc'SSDS 10~2 0%#'J7i"J 
)V7S. \ t y)V$>T-n§§.ft.W]V, Coomas s i e B 

lueXttnaO'lfidSS Problue)T 
&ftbT, ^>n^7K*Mffibfe. ;M>fcSS*ofc* 
>/^aA>H!ii5. 159 2, 000~97, 0 0 0^1/ 

TC?-*-^^?! (Be thesda Rese 
arch Laboratories) : 5^*v> 2 

0 0, 0 0 0^h>;*X*U7-fB 9 7, 4 0 
oy;i/h>;BSA 68, 0 0 0?)lh> ; 

7S.> 4 3, 0 00^h>;*M>S7>hK7 
— M 29, O0O^H>>;b-7i?h^D^iJ> 

1 8, 4 0 0y)l/h> ; 'jy^-A 1 4, 3 0 0:501/ 

[0 0 5 4] mmmi i 

Pyrococcus sp. DNA^U ;* 7— tfjjtfs 
^©;7P-->y 

Thermococcus 1 i toral i s ©DN 
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WcPy r o c o c c u s *f J ADNA5-f77 U— © 
^M/Wyuy-f-tf— >a >l'iip» Pyrococc 
u s DNA#'J HfSDNAW^t; 

nfc. 

[0 0 5 5] $iJPS^^P yrococcu sf/ky 

\Z* Pyrococcus s p. DNASr, Eco 
RI, BamHI RtfH i n d I I I T^iCWKl/ 
fc. ufflDNAS, , En r ©ck5('g3S3LfcDNA:/P 
-^4ffl^T7^n-^y>ttg*ll/ (12 1 co A) . 

a»t5-y-»f— ww^u^-f-K— ^3>K»Wife (01 co 

B) . iUSSC07>yA7 p 7'f 5>^*y h (New E 
ngland Biolabs, Inc. ) t \Zf$M t. 
LTThermococcus 1 i toral is 
DNA#'J^7- ifJfte^ (b p 1~1 2 7 4. A^t- 
Ut7 7-y NEB#618, ATCCNo. 407 
9 4£>&«5*l«) ©Sg-E c o R I (SrJtift Ug*^ 
#-T 3 7 "CT 1 WrWW >*^^- h L 

t. jfisv»»aiStt*^rr«DNA7 r D-^ , *ii«u&. 

3>:50'C, 4X SET, 0. 1M 'J r- 'J 

^7 A, pH7, 0. l%tfDU>SE^-hU^A, 0. 1 
%SDS, lxDenhardts»«7-«;*** 
ft; 3X20~30^, 4 5"C, 0. 1XSET, 0. 
lMU^lth'J'JA, pH7, 0. l%tfP'J>&7" 
HJ^A, 0. 1%SDS. ManiatisSii) 
TT±ETlSL.fcPy r o c o c c u s s p. DN 
AtrS*bT/W^U^-f if-->a>Lit. *95Kb©J£ 
-±A'>H)5<. BamH ITMUcPyrococ 
cusDNAT^ffiSnfc. EcoR ISOTind 
I I I ttCOD^D— ^*fflV»T*RO/'«>H**L.fc 
^n«ZLtie>C0SS^P yrococcusjRU* 

[0 0 5 6] EnSOlSSICS^T. 77-^^ 
— A DASH (Stratagene) £ffl<^T, B a 
mH I 7; &y^Z?y*) — ZttmLfz. Pyrococ 
c u s DNA©gB##JRtf5t£B amH I mtl^il® 
Lfc. gfl#WRtf3££B amH I t8ft;DNA©ig£#J 

ADASHCOBamH I SB&Kgii&Ufc. £©* 
igii-&i)^^-*-C0^fcSEoTG i g a p a c k 
Gold (Stratagene) <&ffl^T/1-y ^r— i> 
>ifh. ^CIlER 1 4 5 8±\Z?U— 7-4 >sfVtc. 

ny^r-i»if\ytzyr--Jy-(zfy i )-\i., lxio 

[0 0 5 7] T. li toral is DNA#U*7 
— tfJte? (NEB# 6 1 9, ATCC No. 40 7 

95^ e> xm^m) © 3 m&m^ 2 , b P 

1-1 274, 1 6 5 6~2 6 6 OKtf 3 0 6 9~3 7 



3 7) co32p-^DNA^D-^Sr, y>?&-7y-1 
V— +y h (New England Biolab 
s, Inc. ) £ffll>T!Si3Lfco 7"o-7"*Bent 
on & Dav i sffl^feCfctl^T (Man i 
atisf,. ±i§) , ±EO/W^U^-tf->3>ft 
PyrococcusyVA7-f7'7 l J- 
*7.i"J-^>yLfc <> ^lSgco^^-^d^ttTabo 
T, 1 0flCO|lte:7"7-:7 -pT> 3 Hffig&R 

tffiyiz-T.T >^bT (9 0~1 0 0%©:7"7— 
#*©J*««fc:WLT»«:fcfc*$T) 77 
-S?CD¥«»*« (M a n i a t i s , ±») £&*iH 

fzo 0 . 1ml ©3-¥«8lfi?#>£ 0 . 2ml (Dmmtm 

^Uc (OD 6 0 0:2). mmfflm&®mw.wnzw. 

1U 0. 05M NaCl, 0. 01M Tris 
(pH8. 0) , 0. ImM EDTA, 0. 1 %T r 
iton X-10 0Stf2 0 0jag/mlO'J!/f- 

tdt>\Z7 5tT3 0#IBln»U IfrWiHiUT. ±fit*£ 
**, ±EO*tefcfi£oT»aM!feDNA#U^9— Kflf 
tttHUTTffe'fUfc. 1 0 «©*«!&»© 5 S3 fite 
**©#',! *7--t?iSttS*U fti^coffittS^T^a 
-> (B9) SrS&lCP^fco 
[0 0 5 8] 77-yDNA$B9^efiU JfAD 
NASMBlPfHIiftKlJ^Til^ifc. Sal I (C<fc-5 
iHfctt. ADASHCO^aj^tlfc2*0T-A+ 1 5K 
bi¥A!!9££Dfc. BamH IKiiHttt. ADA 
SHC0 2*C07-A+7, 4. 8&tf 3Kb©3}?A$r 

*»fc«k9ffl»U ^StLT, pUC19C0BamH 

igifc (X-g a 1 + I PTG) ±KJf A****U!CCV» 
«^H#fiaoz-H^57CMER2 2 0 7^S 
ClftLfc. e63P--Sg^S^«. 7KbBrJt£ffl 
^T#/c„ 3t?coefe3P-— &t^2 7C0Wfe=iPn— 
tt4. 8KbVrM*«. 2 0G£&tf2 ltfe3U--)g 
SM^tti3KblJffi-.SflJ^T»Sftfc. 3 0(0 4. 8 
KbBfiapn-fcKfiattte-r^T. i?c!l&DNA 
#U*5~WStt*$e£Ufc. 3Kb«frfc*-r&»Jl 

ri^fc. 4. 8Kb PyrococcusDNAlli- 
£=rr-5 3 3 P^-tt-T^TWfittDN A#»J * 9~ I? 

^-T-Sfc&tcSBlLfc (NEB#7 2 0) „ NE B # 7 
2 0tP?«n-5Cl©^P->«. ^y^* H*I9TT, 
1 9 9 1^1 0,8 1 BlCAme r i c a n Type 
Culture Collection (12301 
Parklawn Drive, Rockvi lie, 
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Maryl and) l;§!6#^ATCC No. 68 7 
2 3tLXmttVfz, NEB#72 0tt, DNA))?U^ 
y— tffSttl 7 0 O^fi/ifflflSl g££D\ 

[0059] Pyrococcus sp. DNAf'J 
^7-t'afi^SM'r4 4. 8Kb BamH I ®r 
fi-©*H8X>F*2l'7-- tfV-y^B2{C^To £© 
»€^®g|5#D N A835\lteBB?iJ«Kffi?i]#*§ 1 £ UTE 
ScStlWS. *H0Py rococcus s p. 
#U*5— tfDNA&tf*>A?»BB?iJ<i:Th e rmo 
coccus litoralis DNA#U ^ 7— if 

U<thl ■OOjt&M&WP yrococcus DNA 

#u*5— ifaerrtfc#«E-r^^t^^.mbfc„ py 

r o c o c c u s ^fti5ijttffi#$nfc p o 1 or^g 1 
— I I IftlC&O. e^M^lCOJ^I/^F 1 

8 3 9T5S&-t&. 

[0 0 6 0] jiiaeg I I I 

SMPyrococcus s p. DNAl'J^?- 

*J1MNEB# 7 2 0 (ACTT No. 6 8 7 2 3) 
S, 3 7*CT% 10g/lC9h'jyhX 5g/l©^ 
#Mttffi#», 5g/l®NaC 1 OOmg/lO 
7>H->'J 2 5 U y MKBSfflMt 

rtTitm^-Br. 0. 3mM I PTG£fflV>T4>fSJg& 
iWWWCR^L, SSfc4PSIHW iffl 

[0 0 6 1] 9 2 g<Z>Mj££, UttBU M«?KA (1 0 
OmM NaCl, 1 OmM KPO4 , pH7. 4, 
0. ImM EDTA, 0. 1% Triton X- 
100St)!2 0 0tfg/ml UVf- A) KMLT 
3 5 0 m 1 ibft. S^**ta»TttttlCtt* 
*TJ«Jft*3 7"CT?-f >*3.^-hLT*«Lfc (»5 

»m . «am«*ifi[*K:7 s-c-esoiMiprRLfc. x 

)g$Pyrococcus sp. fS!ttDNA#'J^ 

[0 0 6 2] ±t«**0. 3M NaCliifiiL. 
Buc hn e r Jfi(-^t'fp-pfeD E AEtJl/D- 
A2X3 0 cmlClLT, &g?£&£U A f f i - G 
e 1 B 1 u e^PV ^77-f-*5A4X 1 0 cm 

(125ml) ICilLT, 0. 3M NaCl. 0. 0 
1M KPO4 (pH7. 4) , 0. ImM EDTA 

300ml u 'A^m-mmm 

\zmffil>tc0. 3~2. 0M NaCl©1500ml 

[0 0 6 3] *7AIMDNA#U^7- tfSttlrH 
l/T7ft-f Lfc. Mtratii:. 1~4 it 1 OB 

3 0 AiMO&dNTPRtf 3h-S^TTP, 
0. 5mg/m 1 Bttftff'^v'MDNASt;! 0 0 



g/m 1 7tfJWfcBSA$-gft5-5 0|t 1 ODNA 
#U^7— «Bff«E (1 OmM KC1, 2 OmM T 
ris-HCl (24"CTpH8. 8), 1 OmM 
(NH4 ) 2 SO4 , 2mM MgS04 RtfO. 1% 
Triton X-10 0) 4>f7 5t;t5~l 0M 
>*i^— hVfZo 7"<ytH , iI'&i££Wh a tma n 
3mm7-fM- £ft>l*T&tt& 1 0XTCAT3B, 

DNAMS 3H-TTPSlD^^-rtS$ft<tffi 
iSttH»*^-JH/. 0. 1M NaC 
1, 0. 01M KPO4 (pH7. 4) , 0. ImM 
EDTAiC^bT^tffL, ^^T^X^-feJl/P— X* 
7A4X 12cm (150ml) ICilLT. 7J7A£H 
-!«S[3 0 0mlTactU 0. 1~1. 5M Na 

c 1 ©»«43E-e»lib&. |gttH#«:A-jPU 

ICOH2 OTf RL, 1. OmlOPharmac i a 
HPLC Mono Q7J 5 AlCilbT. 0. 0 5~ 
1. 0M Na C 1 ©Ht^E6 0m 1 T&BILfc. fil 
ff !i# £ U -2 0"CT«?¥Lfc. Pyroco 
ecus sp. DNA#U^7— Kit Coomas 
s i e B 1 u eftfiy;p©rtKWfffBI'J:B»eL;fc 
«^ICZl©©pgTrMK*5 5 0%T*-pT, 7 0, 0 0 0 
~1 0 0, 0 0 0#fi/mg©DNA^t3itt5tS 

^bfc„ «H#U / 5-«iSHWtfiftDNA&fffi 

[0 0 6 4] DNA#>J*7— WStttt, i3®92, 
0 0 0~97, OOOKdOCoomassie Bl 
ueJfeeo^rOFKatJSLifc. zma:. KTO^ffiT 
I^W. SDS 10~2 0X#U7f'J^75H 
y;i/JCfetj-S«ft*i(f^R^C oomassie Bl 
u eTCD^-SWIC, 1. 0%TritonX- 

100, 0. 01M Tris-HCl (pH7. 4) 
\Z-&mm LT, 2 0 0 m 1 O'o 3 051 0 *AT, 

H^^HoftSE^h'JOA (SDS) 
Wt>ftiTr i ton X-10 0tiin. 

WI/SO. l%Triton X- 1 0 
0, 0. 01M Tris-HCl (pH7. 4) 1:2 

Cl£tf5. yMWhatman No. 5 4 JSSEitT 
32p-dCTP (10~20X106 cpm/(i 
mole) £^rr£0. 3ml©77t>fIiMI 

sg-©#7X«£aiM0>±i;:Bt*> ^/7X-y;v- 
•jftwr, 7 s'c-ee o#fa-r >*^-hUc. ass 

*y;U*»6ttTUT. ImM dCTP^MniO 
%TCAT3lHl (3 0»^"3ft») . 4Wfur\J—)V 
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)1±<D92, 00 0-97, OOOKd Coomas 
s i e B 1 u ert>F±:fc-&M&mi2nz>&* Z 
3 oy;|/±CD±/\'> H*tD N A# U ^ 7— tfT& 

[0065] Thermococcus 1 i tora 
1 i sfrt>n<E>tl2>&mzmmhTzDNA#VX7— 

^^-^Dy^tf (TowbinS, PNAS 
(1 9 7 9) ) it. Co oma s s i e B 1 u egsfe 
A>\ t tkC9 2, 0 0 0~97, 0 0 0KdK>&@ 

(04) . 

[0066] mmm i v 

T. 1 i t o r a 1 i s DNAOfcJfc 

3' i+y?^U7- \i\&i!c* 3 s%>?Vtt*<DffiE. 

5' x*7;*^7-*?«ttBi«fi££«fcD3££lcl&# 

(Lehman, I. R. , ARB (1 9 6 7) 
3 6:64 5). 

[0 0 6 7] Pyrococcus s p. DNA^U 
tfXWu +##ttte£n£x*V*2'U'7--fe?«S 
ffi^*-r^>#U^^— tf (T4#'J/5- if, Klen 
ow#rit) fi£i&l®i£ (7 OmM Tris, 2 4 
tTpH 8 . 8) . 2mMMgC 1 2 > 0. 1 % T r 
i t onWl 0 0(ig/ml ^->jfa»T;P^5 » 
K&fl?Lfcl Atg© 3 H-f$y>gIr*iDNA 

(105 CPM/^g) t&tC-f >*i^-hL-£ 0 7 

ot: «#u^7- 1?) xtt3 7t (*sf±#'j* 

5— « T3B5P.3 mWil) X«4^fK (Hi* 2) ®-f 

x^y^^UT— IftciOJOTK^^ 

[0 0 6 8] *1 tC*-TJ:5(^ 5 ' - 3 ' x^VJSir 
U7~ te??gtt£Wt-5Taq DN A#U ^ 7— fcfte, 

Kdt3 0 uMT#ffiLfcS-&tc:x+ 
V^kT— tfStt©f«St*^-r„ LfrL-fc#£, 3' 
-5' >yx4V^^l/7- tfffittSr 
WT^JPU^7— bf, M^.«T4<i?iJ^7- fef, *Hfil 
#»J;*9~ if I OK 1 e now»rK\ T. litora 
lis DNA#U^7-WliPyrococcus 

[0 0 6 9] 



J li 
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i 3? s a s s 
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2 . Pyrococcus s p. DNAtEU ;* 7— If 
j:Thermococcus 1 i toral i sDN 
A#'J;*7~ fc?0D3 ' - 5 ' y;P-7'J-^ >^S^ 

Pyrococcus s p. DNA/S'J /v— tfO 

3' - 5' tfrattss^c^tt-fb-rs 

fc*(r, ^3g$-3' -5' ^Iz-^'J-x-f >^X+ 
Vj^UT— ^f§ttfCHLTra-DNA«^ffiTJt6i 
Ufc (05) . fL^DNAi^fitlt P 

yrococcus sp. DNAj^'J^7— fi'Th 
ermococcus 1 i toral is DNAd?U 

^7-tf©2. 5fgox^v^^^7— ferstt**-rs 

^t^bfc. Cinte. DNA^tf»©iES$ (fid 
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el i'ty) (^ft^ftU MlgO. 2mM£^2 0nM) t^TT 

[0 0 7 0] g«8«V SK«ff««+fc4«fc*RU R^Stt***^© [ 

Pvrococcus sd. DNA^U^7-^ 3 H ] *Oa*<OSW8aflE*EaLfc. Stttt* 9 5TC 

WW xtti o ot:Tffls-r^miic#«E-r^>stt{c»bTa^ 

*S609 I I I T±E©«fc'5fc*l«L&Py r o c o c c T. 

us s p. DNA#U*5~£S» «TO^ftTJB3t [0 0 7 1] H 6 K^T ±3 Pyrococcus 

W;, iSIMPyrococcus s p. DNA s p. DNA/PU^ ^—MO 9 5 X^^<D^WlW&2 3 

#U*5~tf (4 0»tt/ml) SdNTPWDNA l$m, 1 0 0t;Ttt8B*IBT*ofc. 

s^u&v>e*jb««« (Kmmmmm 1 omM [o o 7 2] 

KCK 10mM (NH4) 2 SO4, 2 OmM T [S5JS] 

ris-HCl (25t:TpH8. 8), 2mM Mg EJWHf : 1 

SO4, 0. UTr i ton X-100 o 0. lm ffi^]0:fi£ : 3 4 2 

g/ml BSASI® E^JCD^ : 

fi^«©7U3-h"S7 OtT, [ 3 H] BBdNTP h*Dy- :^ (not relevant) 
sRtf:/9-f Aft (primed) M13 DNAli 

mm 

GGATCCCTCT CTTTTTGGTA ACCCCATACG TCATTCCCTC AACCAAAACT TCAGCATCGT 60 
TGCAGTGGTC AGTGTGTCTG TGGGAGATGA AGAGGACGTC GATTTTTCTG GGGTCTATCT 120 
TGTATCTCCA CATTCTAACT AACGCTCCAG GCCCAGGATC AACGTAGATG TTTTTGCTCG 180 
CCTTAATGAA GAAGCCACCA GTGGCTCTTG CCTGCGTTAT CGTGACGAAC CTTCCACCAC 240 
CGCCACCGAG AAAAGTTATC TCTATCATCT CACACCTCCC CCATAACATC ACCTGCTCAA 300 
TTTTTAAGCG TTCTTAAAGG CTTAAATACG TGAATTTAGC GTAAATTATT GAGGGATTAA 360 
GTATGATACT TGACGCTGAC TACATCACCG AGGATGGGAA GCCGATTATA AGGATTTTCA 420 
AGAAAGAAAA CGGCGAGTTT AAGGTTGAGT ACGACAGAAA CTTTAGACCT TACATTTACG 480 
CTCTCCTCAA AGATGACTCG CAGATTGATG AGGTTAGGAA GATAACCGCC GAGAGGCATG 540 
GGAAGATAGT GAGAATTATA GATGCCGAAA AGGTAAGGAA GAAGTTCCTG GGGAGGCCGA 600 
TTGAGGTATG GAGGCTGTAC TTTGAACACC CTCAGGACGT TCCCGCAATA AGGGATAAGA 660 
TAAGAGAGCA TTCCGCAGTT ATTGACATCT TTGAGTACGA CATTCCGTTC GCGAAGAGGT 720 
ACCTAATAGA CAAAGGCCTA ATTCCAATGG AAGGCGATGA AGAGCTCAAG TTGCTCGCAT 780 
TTGACATAGA AACCCTCTAT CACGAAGGGG AGGAGTTCGC GAAGGGGCCC ATTATAATGA 840 
TAAGCTATGC TGATGAGGAA GAAGCCAAAG TCATAACGTG GAAAAAGATC GATCTCCCGT 900 
ACGTCGAGGT AGTTTCCAGC GAGAGGGAGA TGATAAAGCG GTTCCTCAAG GTGATAAGGG 960 
AGAAAGATCC CGATGTTATA ATTACCTACA ACGGCGATTC TTTCGACCTT CCCTATCTAG 1020 
TTAAGAGGGC CGAAAAGCTC GGGATAAAGC TACCCCTGGG AAGGGACGGT AGTGAGCCAA 1080 
AGATGCAGAG GCTTGGGGAT ATGACAGCGG TGGAGATAAA GGGAAGGATA CACTTTGACC 1140 
TCTACCACGT GATTAGGAGA ACGATAAACC TCCCAACATA CACCCTCGAG GCAGTTTATG 1200 
AGGCAATCTT CGGAAAGCCA AAGGAGAAAG TTTACGCTCA CGAGATAGCT GAGGCCTGGG 1260 
AGACTGGAAA GGGACTGGAG AGAGTTGCAA AGTATTCAAT GGAGGATGCA AAGGTAACGT 1320 
ACGAGCTCGG TAGGGAGTTC TTCCCAATGG AGGCCCAGCT TTCAAGGTTA GTCGGCCAGC 1380 
CCCTGTGGGA TGTTTCTAGG TCTTCAACTG GCAACTTGGT GGAGTGGTAC CTCCTCAGGA 1440 
AGGCCTACGA GAGGAATGAA TTGGCTCCAA ACAAGCCGGA TGAGAGGGAG TACGAGAGAA 1500 
GGCTAAGGGA GAGCTACGCT GGGGGATACG TTAAGGAGCC GGAGAAAGGG CTCTGGGAGG 1560 
GGTTAGTTTC CCTAGATTTC AGGAGCCTGT ACCCCTCGAT AATAATCACC CATAACGTCT 1620 
CACCGGATAC GCTGAACAGG GAAGGGTGTA GGGAATACGA TGTCGCCCCA GAGGTTGGGC 1680 
ACAAGTTCTG CAAGGACTTC CCGGGGTTTA TCCCCAGCCT GCTCAAGAGG TTATTGGATG 1740 
AAAGGCAAGA AATAAAAAGG AAGATGAAAG CTTCTAAAGA CCCAATCGAG AAGAAGATGC 1800 
TTGATTACAG GCAACGGGCA ATCAAAATCC TGGCAAACAG CATTTTACCG GAAGAATGGG 1860 
TTCCACTAAT TAAAAACGGT AAAGTTAAGA TATTCCGCAT TGGGGACTTC GTTGATGGAC 1920 
TTATGAAGGC GAACCAAGGA AAAGTGAAGA AAACGGGGGA TACAGAAGTT TTAGAAGTTG 1980 
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CAGGAATTCA TGCGTTTTCC TTTGACAGGA AGTCCAAGAA GGCCCGTGTA ATGGCAGTGA 2040 
AAGCCGTGAT AAGACACCGT TATTCCGGAA ATGTTTATAG AATAGTCTTA AACTCTGGTA 2100 
GAAAAATAAC AATAACAGAA GGGCATAGCC TATTTGTCTA TAGGAACGGG GATCTCGTTG 2160 
AGGCAACTGG GGAGGATGTC AAAATTGGGG ATCTTCTTGC AGTTCCAAGA TCAGTAAACC 2220 
TACCAGAGAA AAGGGAACGC TTGAATATTG TTGAACTTCT TCTGAATCTC TCACCGGAAG 2280 
AGACAGAAGA TATAATACTT ACGATTCCAG TTAAAGGCAG AAAGAACTTC TTCAAGGGAA 2340 
TGTTGAGAAC ATTACGTTGG ATTTTTGGTG AGGAAAAGAG AGTAAGGACA GCGAGCCGCT 2400 
ATCTAAGACA CCTTGAAAAT CTCGGATACA TAAGGTTGAG GAAAATTGGA TACGACATCA 2460 
TTGATAAGGA GGGGCTTGAG AAATATAGAA CGTTGTACGA GAAACTTGTT GATGTTGTCC 2520 
GCTATAATGG CAACAAGAGA GAGTATTTAG* TTGAATTTAA TGCTGTCCGG GACGTTATCT 2580 
CACTAATGCC AGAGGAAGAA CTGAAGGAAT GGCGTATTGG AACTAGAAAT GGATTCAGAA 2640 
TGGGTACGTT CGTAGATATT GATGAAGATT TTGCCAAGCT TCTTGGCTAC TATGTGAGCG 2700 
AGGGAAGTGC GAGGAAGTGG AAGAATCAAA CTGGAGGTTG GAGTTACACT GTGAGATTGT 2760 
ACAACGAGAA CGATGAAGTT CTTGACGACA TGGAACACTT AGCCAAGAAG TTTTTTGGGA 2820 
AAGTCAAACG TGGAAAGAAC TATGTTGAGA TACCAAAGAA AATGGCTTAT ATCATCTTTG 2880 
AGAGCCTTTG TGGGACTTTG GCAGAAAACA AAAGGGTTCC TGAGGTAATC TTTACCTCAT 2940 
CAAAGGGCGT TAGATGGGCC TTCCTTGAGG GTTATTTCAT CGGCGATGGC GATGTTCACC 3000 
CAAGCAAGAG GGTTCGCCTA TCAACGAAGA GCGAGCTTTT AGTAAATGGC CTTGTTCTCC 3060 
TACTTAACTC CCTTGGAGTA TCTGCCATTA AGCTTGGATA CGATAGCGGA GTCTACAGGG 3120 
TTTATGTAAA CGAGGAACTT AAGTTTACGG AATACAGAAA GAAAAAGAAT GTATATCACT 3180 
CTCACATTGT TCCAAAGGAT ATTCTCAAAG AAACTTTTGG TAAGGTCTTC CAGAAAAATA 3240 
TAAGTTACAA GAAATTTAGA GAGCTTGTAG AAAATGGAAA ACTTGACAGG GAGAAAGCCA 3300 
AACGCATTGA GTGGTTACTT AACGGAGATA TAGTCCTAGA TAGAGTCGTA GAGATTAAGA 3360 
GAGAGTACTA TGATGGTTAC GTTTACGATC TAAGTGTCGA TGAAGATGAG AATTTCCTTG 3420 
B3#!#-5t : 2 m<Dfk : 

ffiJdcoAa : 5 8 3 7«S*f h#n>>— : ^FW 

m&\<Dm : mm 

K3*J 

GAATTCGCGA TAAAATCTAT TTTCTTCCTC CATTTTTCAA TTTCAAAAAC GTAAGCATGA 60 
GCCAAACCTC TCGCCCTTTC TCTGTCCTTC CCGCTAACCC TCTTGAAAAC TCTCTCCAAA 120 
GCATTTTTTG ATGAAAGCTC ACGCTCCTCT ATGAGGGTCA GTATATCTGC AATGAGTTCG 180 
TGAAGGGTTA TTCTGTAGAA CAACTCCATG ATTTTCGATT TGGATGGGGG TTTAAAAATT 240 
TGGCGGAACT TTTATTTAAT TTGAACTCCA GTTTATATCT GGTGGTATTT ATGATACTGG 300 
ACACTGATTA CATAACAAAA GATGGCAAGC CTATAATCCG AATTTTTAAG AAAGAGAACG 360 
GGGAGTTTAA AATAGAACTT GACCCTCATT TTCAGCCCTA TATATATGCT CTTCTCAAAG 420 
ATGACTCCGC TATTGAGGAG ATAAAGGCAA TAAAGGGCGA GAGACATGGA AAAACTGTGA 480 
GAGTGCTCGA TGCAGTGAAA GTCAGGAAAA AATTTTTGGG AAGGGAAGTT GAAGTCTGGA 540 
AGCTCATTTT CGAGCATCCC CAAGACGTTC CAGCTATGCG GGGCAAAATA AGGGAACATC 600 
CAGCTGTGGT TGACATTTAC GAATATGACA TACCCTTTGC CAAGCGTTAT CTCATAGACA 660 
AGGGCTTGAT TCCCATGGAG GGAGACGAGG AGCTTAAGCT CCTTGCCTTT GATATTGAAA 720 
CGTTTTATCA TGAGGGAGAT GAATTTGGAA AGGGCGAGAT AATAATGATT AGTTATGCCG 780 
. ATGAAGAAGA GGCCAGAGTA ATCACATGGA AAAATATCGA TTTGCCGTAT GTCGATGTTG 840 
TGTCCAATGA AAGAGAAATG ATAAAGCGTT TTGTTCAAGT TGTTAAAGAA AAAGACCCCG 900 
ATGTGATAAT AACTTACAAT GGGGACAATT TTGATTTGCC GTATCTCATA AAACGGGCAG 960 
AAAAGCTGGG AGTTCGGCTT GTCTTAGGAA GGGACAAAGA ACATCCCGAA CCCAAGATTC 1020 
AGAGGATGGG TGATAGTTTT GCTGTGGAAA TCAAGGGTAG AATCCACTTT GATCTTTTCC 1080 
CAGTTGTGCG AAGGACGATA AACCTCCCAA CGTATACGCT TGAGGCAGTT TATGAAGCAG 1140 
TTTTAGGAAA AACCAAAAGC AAATTAGGAG CAGAGGAAAT TGCCGCTATA TGGGAAACAG 1200 
AAGAAAGCAT GAAAAAACTA GCCCAGTACT CAATGGAAGA TGCTAGGGCA ACGTATGAGC 1260 
TCGGGAAGGA ATTCTTCCCC ATGGAAGCTG AGCTGGCAAA GCTGATAGGT CAAAGTGTAT 1320 
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GGGACGTCTC GAGATCAAGC ACCGGCAACC TCGTGGAGTG GTATCTTTTA AGGGTGGCAT 1380 
ACGCGAGGAA TGAACTTGCA CCGAACAAAC CTGATGAGGA AGAGTATAAA CGGCGCTTAA 1440 
GAACAACTTA CCTGGGAGGA TATGTAAAAG AGCCAGAAAA AGGTTTGTGG GAAAATATCA 1500 
TTTATTTGGA TTTCCGCAGT CTGTACCCTT CAATAATAGT TACTCACAAC GTATCCCCAG 1560 
ATACCCTTGA AAAAGAGGGC TGTAAGAATT ACGATGTTGC TCCGATAGTA GGATATAGGT 1620 
TCTGCAAGGA CTTTCCGGGC TTTATTCCCT CCATACTCGG GGACTTAATT GCAATGAGGC 1680 
AAGATATAAA GAAGAAAATG AAATCCACAA TTGACCCGAT CGAAAAGAAA ATGCTCGATT 1740 
ATAGGCAAAG GGCTATTAAA TTGCTTGCAA ACAGCATCTT ACCCAACGAG TGGTTACCAA 1800 
TAATTGAAAA TGGAGAAATA AAATTCGTGA AAATTGGCGA GTTTATAAAC TCTTACATGG 1860 
AAAAACAGAA GGAAAACGTT AAAACAGTAG AGAATACTGA AGTTCTCGAA GTAAACAACC 1920 
TTTTTGCATT CTCATTCAAC AAAAAAATCA AAGAAAGTGA AGTCAAAAAA GTCAAAGCCC 1980 
TCATAAGACA TAAGTATAAA GGGAAAGCTT ATGAGATTCA GCTTAGCTCT GGTAGAAAAA 2040 
TTAACATAAC TGCTGGCCAT AGTCTGTTTA CAGTTAGAAA TGGAGAAATA AAGGAAGTTT 2100 
CTGGAGATGG GATAAAAGAA GGTGACCTTA TTGTAGCACC AAAGAAAATT AAACTCAATG 2160 
AAAAAGGGGT AAGCATAAAC ATTCCCGAGT TAATCTCAGA TCTTTCCGAG GAAGAAACAG 2220 
CCGACATTGT GATGACGATT TCAGCCAAGG GCAGAAAGAA CTTCTTTAAA GGAATGCTGA 2280 
GAACTTTAAG GTGGATGTTT GGAGAAGAAA ATAGAAGGAT AAGAACATTT AATCGCTATT 2340 
TGTTCCATCT CGAAAAACTA GGCCTTATCA AACTACTGCC CCGCGGATAT GAAGTTACTG 2400 
ACTGGGAGAG ATTAAAGAAA TATAAACAAC TTTACGAGAA GCTTGCTGGA AGCGTTAAGT 2460 
ACAACGGAAA CAAGAGAGAG TATTTAGTAA TGTTCAACGA GATCAAGGAT TTTATATCTT 2520 
ACTTCCCACA AAAAGAGCTC GAAGAATGGA AAATTGGAAC TCTCAATGGC TTTAGAACGA 2580 
ATTGTATTCT CAAAGTCGAT GAGGATTTTG GGAAGCTCCT AGGTTACTAT GTTAGTGAGG 2640 
GCTATGCAGG TGCACAAAAA AATAAAACTG GTGGTATCAG TTATTCGGTG AAGCTTTACA 2700 
ATGAGGACCC TAATGTTCTT GAGAGCATGA AAAATGTTGC AGAAAAATTC TTTGGCAAGG 2760 
TTAGAGTTGA CAGAAATTGC GTAAGTATAT CAAAGAAGAT GGCATACTTA GTTATGAAAT 2820 
GCCTCTGTGG AGCATTAGCC GAAAACAAGA GAATTCCTTC TGTTATACTC ACCTCTCCCG 2880 
AACCGGATCG GTGGTCATTT TTAGAGGCGT ATTTTACAGG CGATGGAGAT ATACATCCAT 2940 
CAAAAAGGTT TAGGCTCTCA ACAAAAAGCG AGCTCCTTGC AAATCAGCTT GTGTTCTTGC 3000 
TGAACTCTTT GGGAATATCC TCTGTAAAGA TAGGCTTTGA CAGTGGGGTC TATAGAGTGT 3060 
ATATAAATGA AGACCTGCAA TTTCCACAAA CGTCTAGGGA GAAAAACACA TACTACTCTA 3120 
ACTTAATTCC CAAAGAGATC CTTAGGGACG TGTTTGGAAA AGAGTTCCAA AAGAACATGA 3180 
CGTTCAAGAA ATTTAAAGAG CTTGTTGACT CTGGAAAACT TAACAGGGAG AAAGCCAAGC 3240 
TCTTGGAGTT CTTCATTAAT GGAGATATTG TCCTTGACAG AGTCAAAAGT GTTAAAGAAA 3300 
AGGACTATGA AGGGTATGTC TATGACCTAA GCGTTGAGGA TAACGAGAAC TTTCTTGTTG 3360 
GTTTTGGTTT GCTCTATGCT CACAACAGCT ATTACGGCTA TATGGGGATA CCTAAGGCAA 3420 
GATGGTACTC GAAGGAATGT GCTGAAAGCG TTACCGCATG GGGGAGACAC TACATAGAGA 3480 
TGACGATAAG AGAAATAGAG GAAAAGTTCG GCTTTAAGGT TCTTTATGCG GACAGTGTCT 3540 
CAGGAGAAAG TGAGATCATA ATAAGGCAAA ACGGAAAGAT TAGATTTGTG AAAATAAAGG 3600 
ATCTTTTCTC TAAGGTGGAC TACAGCATTG GCGAAAAAGA ATACTGCATT CTCGAAGGTG 3660 
TTGAAGCACT AACTCTGGAC GATGACGGAA AGCTTGTCTG GAAGCCCGTC CCCTACGTGA 3720 
TGAGGCACAG AGCGAATAAA AGAATGTTCC GCATCTGGCT GACCAACAGC TGGTATATAG 3780 
ATGTTACTGA GGATCATTCT CTCATAGGCT ATCTAAACAC GTCAAAAACG AAAACTGCCA 3840 
AAAAAATCGG GGAAAGACTA AAGGAAGTAA AGCCTTTTGA ATTAGGCAAA GCAGTAAAAT 3900 
CGCTCATATG CCCAAATGCA CCGTTAAAGG ATGAGAATAC CAAAACTAGC GAAATAGCAG 3960 
TAAAATTCTG GGAGCTCGTA GGATTGATTG TAGGAGATGG AAACTGGGGT GGAGATTCTC 4020 
GTTGCGCAGA GTATTATCTT GGACTTTCAA CAGGCAAAGA TGCAGAAGAG ATAAAGCAAA 4080 
AACTTCTGGA ACCCCTAAAA ACTTATGGAG TAATCTCAAA CTATTACCCA AAAAACGAGA 4140 
AAGGGGACTT CAACATCTTG GCAAAGAGCC TTGTAAAGTT TATGAAAAGG CACTTTAAGG 4200 
ACGAAAAAGG AAGACGAAAA ATTCCAGAGT TCATGTATGA GCTTCCGGTT ACTTACATAG 4260 
AGGCATTTCT ACGAGGACTG TTTTCAGCTG ATGGTACTGT AACTATCAGG AAGGGAGTTC 4320 
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CAGAGATCAG GCTAACAAAC ATTGATGCTG 
GGATTGTTGG AATTTCAAAT TCAATATTTG 
TTTCTACTGG AACCTACTCA AAGCATCTAA 
GGATAGGCTT TTTAATCGAG AGAAAGCAGA 
GGGTAAAAAG GAATACCATA GATTTTGGCT 
AGATACCATA CGAGGGTTAC GTTTATGACA 
CAAACAACAT CCTGGTACAC AATACTGACG 
CTGAACTCAT TAAAAAGAAA GCCAAGGAAT 
GTCTGCTTGA GCTTGAGTAT GAGGGCTTTT 
GCTATGCAGT CATAGATGAA GAGGGCAGGA 
GAGATTGGAG TGAGATAGCT AAGGAGACTC 
AGGGAAGTGT TGAAAAAGCT GATGAAGTTG 
ACAGGGTTCC ACTTGAAAAG CTTGTTATCC 
ACAAAGCCAT TGGCCCTCAT GTCGCGATAG 
TGAAACCGGG CACAATAATA AGCTATATCG 
GGGTAATTTT ACTTACAGAA TACGATCCTA 
TAGAAAACCA AGTTTTGCCG GCAGTACTTA 
AGGATTTAAG GTATCAAAGC TCAAAACAAA 
TCTGTTGCTT TTTAGTCCAA GTTTCTCCGC 
TATGTGGTTT TCATTCACTA TTAAGTAGTC 
CTTGAGCTCT TTCCAGTCTC TGGCCTCAAA 
CCCTCTTCTG CTAAGCCTCT CGAATCTTTT 
TATCTCTTCC TCTGGAAACG CATCTTTAAA 
GTCGATTATA ACTGCCTTGT ACTTCTTTAG 
TGCCACGGCA TTGTCCCCAA GCTCCTGCCT 
GGGAGTTCTT GGGATCC 

[mil EcoR I (l/->3) , Bam 

H I (l/->4) SOTind III (l/->5) 
TM^tlfePy rococcus s p. DNACDX 

£o U—> 1 i n d III 

nADNAWfrT*^ l/->2ttT-*-tLTp 
BR 3 2 2§tn o Atm—trJVCD^— 

T&£o 32p_DNA:/n— ~f\&, The rmococcu 
s 1 i t o r a 1 i s DNAtPU * 7— if <DY^ / 
*JB»#*n— FT* 1. 3KbEco RlRJt*^ 
ifiUco BamH iWyrococcus s 

F*#**^ttS*anfclri. Hind I I I«» 
ADNAO 2 3 K bA> ;PA±fcttt> * DSn 

*f f £ W A-f :/ U ^ if- v a > K <fc # O 

[0 2] B2I1 ^CJIME. coli 2 2 0 7 (NE 
B# 7 2 0) OpUCH^X^F^CDPyroco 
ecus sp. DNAtPU^7— if£a — FT^ae 
^€r^W-T^4. 8Kb BamH I K)t<£S9BtnE j f£ 



ACTTTCTAAG GGAAGTAAGG AAGCTTCTGT 4380 
CTGAGACTAC TCCAAATCGC TACAATGGTG 4440 
GGATCAAAAA TAAGTGGCGT TTTGCTGAAA 4500 
AGAGACTTTT AGAACATTTA AAATCAGCGA 4560 
TTGATCTTGT GCATGTGAAA AAAGTCGAAG 4620 
TTGAAGTCGA AGAGACGCAT AGGTTCTTTG 4680 
GCTTTTATGC CACAATACCC GGGGAAAAGC 4740 
TCCTAAACTA CATAAACTCC AAACTTCCAG 4800 
ACTTGAGAGG ATTCTTTGTT ACAAAAAAGC 4860 
TAACAACAAG GGGCTTGGAA GTAGTAAGGA 4920 
AGGCAAAGGT TTTAGAGGCT ATACTTAAAG 4980 
TTAGAGATGT TGTAGAGAAA ATAGCAAAAT 5040 
ATGAGCAGAT TACCAGGGAT TTAAAGGACT 5100 
CAAAAAGACT TGCCGCAAGA GGGATAAAAG 5160 
TTCTCAAAGG GAGCGGAAAG ATAAGCGATA 5220 
GAAAACACAA GTACGATCCG GACTACTACA 5280 
GGATACTCGA AGCGTTTGGA TACAGAAAGG 5340 
CCGGCTTAGA TGCATGGCTC AAGAGGTAGC 5400 
GAGTCTCTCT ATCTCTCTTT TGTATTCTGC 5460 
CGCCAAAGCC ATAACGCTTC CAATTCCAAA 5520 
TTCACTCCAT GTTTTTGGAT CGTCGCTTCT 5580 
TCTTGGCGAA GAGTGTACAG CTATGATGAT 5640 
CGTCTGAATT TCATCTAGAG ACCTCACTCC 5700 
TAGTTCTTTT ACCTTTGGGA TCGTTAATTT 5760 
AAGCTGAATG CTCACACTGT TCATACCTTC 5820 

5837 

[03] 03H Co oma s s i e Blu eVk^ 
)Vm%WMl<n'^M-(:$> -3 T, Hfta> £Pyrococc 
us s p. DNAsRU*^— 1fOi5j;-€-co4H i asSt 

[M4] 0 4 te, Thermococcus 1 i to 
r a 1 is DNA# U ^ 7— if t Pyrococcu 
s sp. DNA#U*7~ tfSJtttTS, ttSL&Uft 
0^^->7D^hO?XTS§o >1, ^> 
/^KS*P ; I/— >2, Thermococcus 1 
itoralis<E>50/z g<Dffifflffi^ ; V— >3, 
2. O/ig^SIMPyrococcus s p. 
DNA#U*^-ifo *Bn4#U*5-1f I <Z>#B£^ 

IMS] H5H Thermococcus 1 i to 
rails DNA^U ^ ifRtf P y r o c o c c 
us s p. DNA/PU^^— tcott^R^X^V^ 
^ if«tt®Jt*re**. Pyrococcus 
s p. DNA5pU*^-if#T. 1 i t o r a 1 i s 
DNA3p»J^^-1f<tO 2. 5fg3£V>X*7*^7— 
if ffitt £ 1> "3 £ £ *m V T H * o 

[0 6] m 6 sa&x. Pyrococcus sp. 
DNA#U;*^-if(D9 5t: (O) Xtf 1 0 OT: 
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(72)f89§# 77>i/—>-n-?— (72)^BJ# 

02146, :/;ky£MJ>, 75— -*HJ — 
h • 74 • X*f 

(72)5£BJ# I/^y* ■ (72)5£BJi£ 

01915, fcfAU-, *yfa->.XhU 
-h • 28 



01915, trnu-, 7— r-y>-x 

HJ-h • 38, 7A~h*>h • 208 
U 7 A • -f- • -J^J9 

01984, <^X— ^A, ^>f77!7-- 
-f 7 • 31 



